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(54) COATING APPLICATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the wasteful consumption of a processing 
liquid while preventing the generation of a dry patch and to execute uniform coating 
application by providing a nozzle for applying the processing liquid on a rotating 
substrate with a plurality of discharge holes along the streamlines on which the- 
processing liquid flows on the substrate when the processing liquid is dropped onto 
the substrate. 

SOLUTION: The base surface (the surface facing the wafer W), of the developer 
supplying nozzle 40 is provided with the plurality of developer discharge holes 40a. . 
The nozzle is provided with these developer discharge holes 40a along the 
streamlines on which the developer flows on the wafer W when the developer is 
dropped onto the approximate center on the wafer W rotating at a speed at the time 
of coating application. Such streamlines vary like the streamlines A to D according to 
the viscosity of the developer and the rotating condition of the wafer W, from which the streamlines meeting the 
conditions are selected. The special water flow to eliminate the dry patch may be generated for the dry patch by 
providing the nozzle with these developer discharge holes 40a. As a result, the wasteful consumption of the 
developer is eliminated and the uniform coating application is made possible. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] The coater which carries out [ providing the nozzle which has two or more discharge openings 
prepared along the elementary-stream top with which this processing liquid flows a substrate top when 
processing liquid is dropped on the substrate which is a nozzle for applying processing liquid on the 
substrate which rotates with a rotation means rotate holding a substrate, and said rotation means, and 
rotates, and a supply means supply processing liquid on a substrate through each discharge opening of 
said nozzle, and ] as the description. 

[Claim 2] It is the coater characterized by being the nozzle which has two or more discharge openings 
prepared along the elementary-stream top with which this processing liquid flows a substrate top when 
it is a coater according to claim 1 and said nozzle trickles processing liquid focusing on the abbreviation 
on the substrate which rotates the rate at the time of spreading. 

[Claim 3] The coater with which it is a coater according to claim 2, and the regurgitation include angle of 
each of said discharge opening is characterized by trying to differ according to the distance of the 
diameter direction from the core of said substrate. 

[Claim 4] The coater with which it is a coater according to claim 2, and aperture of each of said 
discharge opening is characterized by trying to differ according to the distance of the diameter direction 
from the core of said substrate. 

[Clajm 5] The coater with which it is a coater according to claim 2, and distance between said each 
discharge opening is characterized by trying. to differ according to the distance of the diameter direction 
from the core of said substrate. 

[Claim 6] The coater with which the regurgitation rate of the processing liquid which is a coater 
according to claim 2 and is breathed out from said each- discharge opening is characterized-by trying- to 
differ according to the distance of the diameter direction from the core of said substrate. 
[Claim 7] The coater with which it is a coater according to claim 6, and said supply means is 
characterized by having the pump for processing liquid supply separately connected to said each 
discharge opening, respectively. 

[Claim 8] The coater which is a coater according to claim 7 and is characterized by being set up so that 
about 1 round of the substrate which said each pump rotates by one stroke may be covered and 
processing liquid may be supplied. 
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♦ DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the coater for applying a developer for example, to a 

semi-conductor wafer. 

[0002] 

[Description of the Prior Art] In the manufacture process of a semiconductor device, the 
photolithography process for forming a resist pattern in substrate front faces, such as a semi-conductor 
wafer (a "wafer" being called hereafter.), is performed. 

[0003] At this photolithography process, down stream processing which supplies processing liquid, for 
example, resist liquid, and a developer to the rotating wafer is performed, for example like resist 
spreading down stream processing or a development process. It is necessary to apply processing liquid 
to homogeneity to a wafer in this process. It is important not to generate the so-called dry patch (part 
to which processing liquid is not supplied) with which processing liquid is not applied on a wafer for that 
purpose. 

[0004] From the former, in order to prevent generating of such a dry patch, the amount of supply of the 
processing liquid to a wafer top is controlled. That is, the amount of supply of processing liquid is 
increased until a dry patch stops generating, and the place where the dry patch stopped generating is 
made into the optimum point. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the technical problem that there are quite many 
amounts in which processing liquid falls from a wafer front face, and processing liquid becomes useless 
with the technique of preventing generating of a dry patch, in many cases, moreover originate in the 
oversupply of processing liquid, and processing liquid is not applied to homogeneity by the amount of 
supply of the above processing liquid on a wafer occurs. 

[0006] It aims at offering the coater which was made in order that this invention might solve the above 
technical problems, can optimize the amount of supply of the processing liquid to a substrate, can lose 
the futility of processing liquid, preventing generating of a dry patch, and can apply processing liquid to 
homogeneity. 

. £0007] > - • : ;w — — — - - - 

[Means for Solving the Problem] A rotation means to rotate the coater of this invention concerning 
claim 1 publication holding a substrate, The nozzle which has two or more discharge openings prepared 
along the elementary-stream top with which this processing liquid flows a substrate top when 
processing liquid is dropped on the substrate which is a nozzle for applying processing liquid on the 
substrate which rotates with said rotation means, and rotates, A supply means to supply processing 
liquid on a substrate through each discharge opening of said nozzle is provided. In this case, it is this 
better ** that it is the nozzle which has two or more discharge openings prepared along the 
elementary-stream top with which this processing liquid flows a substrate top when processing liquid is 
dropped focusing on the abbreviation on the substrate which rotates said nozzle the rate at the time of 
spreading as indicated to claim 2. 

[0008] this invention — for example, the angular rate of rotation of the processing liquid on the wafer 
which is a substrate is small, and more fixed than the angular rate of rotation of a wafer — it is ' 
considered that the "skid flow" on condition of things is the elementary stream of the processing liquid 
on a wafer. Therefore, as for the elementary stream of the processing liquid on a wafer, the following 
formula 1 is realized. 
[0009] 
[Equation 1] 

r (t) -r 0 /2 (e wt + e~ wt ) 
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[0010] Here, when r(t):processing liquid carries out an elementary stream in the direction of a periphery 
on a wafer, it is the starting point (slant range from a wafer core) of the slant range rO:processing liquid 
from the starting point to an end point, 
omega: Angular velocity (rpm*2pi red/s) 

t: Time amount [001 1] Here, if it asks for the elementary stream of the processing liquid dropped at the 
location P with a wafer center position of 5mm based on the above-mentioned formula of the 
elementary stream of processing liquid, it will become like drawing 5 . In drawing 5 , how to slide on the 
processing liquid on a wafer is changed, and four elementary-streams A-D (the rotational frequency of a 
wafer, viscosity of processing liquid, etc.) is calculated. 

[0012] In this invention, the discharge opening is prepared in the nozzle along the elementary-stream 
top of such processing liquid. And the amount of supply of the processing liquid to a substrate can be 
optimized by preparing a discharge opening on the elementary stream of such processing liquid. 
Therefore, by this, the futility of processing liquid can be lost, preventing generating of a dry patch, and 
processing liquid can be applied to homogeneity. 

[0013] By the way, the following theoretical formula which gives the dry patch marginal condition in an 
parallel plate is announced from Hartly-Murgatroyd and Bankoff (Hartley, D.E.&Murgatroyd, W.:Criteria 
for the break-up of thin liquid layersfloWing isothermally over solid surfaces. Int. J.Hert Mass Transfer, 7 
(1964), and 1003-1015). According to this theory, in order not to generate a dry patch, it is necessary to 
supply the processing liquid more than marginal liquid membrane thickness on a substrate. 
[0014] 

[Equation 2] 

(RUHftKJf) 

= 1. 72 [o U-cos0)/P] 1/5 U/P (rw 2 ) 3 2/5 

[0015] Here, it is sigma:liquid surface tension (it changes with each conditions of processing liquid.), 
theta: Contact angle (the dirt of a wafer involves.) 

rho: Fluid-tight degree (it changes with each conditions of processing liquid.) 
mu: Liquid viscosity (it changes with each conditions of processing liquid.) 
r. Radius (distance from the center of rotation of a substrate) 
omega: Angular velocity (angular velocity at the time of a substrate rotating) 

[001 6] The coater -of this- invention concerning claim 4 is in a coater according to claim 2; and-the 1 ^ > 

regurgitation include angle of each of said discharge opening is made to differ according to the distance 
of the diameter direction from the core of said substrate. In this invention, it changes in each so that 
marginal liquid-membrane thickness [ in / for the substantial amount of supply of the processing liquid in 
each location of the diameter direction / each location ] may be slightly exceeded from the core of a 
substrate paying attention to marginal liquid-membrane thickness being dependent on the radius r in the 
above-mentioned formula by making the regurgitation include angle of a discharge opening differ 
according to the distance of the diameter direction from the core of a substrate, and the amount of 
supply of the processing liquid to a substrate is optimized. 

[0017] The coater of this invention concerning claim 5 is in a coater according to claim 2, and the 
aperture of each of said discharge opening is made to differ according to the distance of the diameter 
direction from the core of said substrate. In this invention, it changes in each so that marginal liquid 
membrane thickness [ in / for the substantial amount of supply of the processing liquid in each location 
of the diameter direction / each location ] may be slightly exceeded from the core of a substrate by 
making the aperture of each discharge opening differ according to the distance of the diameter direction 
from the core of a substrate, and the amount of supply of the processing liquid to a substrate is 
optimized. 

[0018] The coater of this invention concerning claim 4 publication is in a coater according to claim 1, 
and the distance between said each discharge opening is made to differ according to the distance of the 
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diameter direction from the core of said substrate. In this invention, it changes in each so that marginal 
liquid membrane thickness [ in / for the substantial amount of supply of the processing liquid in each 
location of the diameter direction / each location ] may be slightly exceeded from the core of a 
substrate by making the distance between each discharge opening differ according to the distance of 
the diameter direction from the core of a substrate, and the amount of supply of the processing liquid to 
a substrate is optimized. 

[0019] The coater of this invention concerning claim 5 publication is in a coater according to claim 1, 
and the regurgitation rate of the processing liquid breathed out from said each discharge opening is 
made to differ according to the distance of the diameter direction from the core of said substrate. In 
this invention, it changes in each so that marginal liquid membrane thickness [ in / for the substantial 
amount of supply of the processing liquid in each location of the diameter direction / each location ] 
may be slightly exceeded from the core of a substrate by making the regurgitation rate of the 
processing liquid breathed out from each discharge opening differ according to the distance of the 
diameter direction from the core of a substrate, and the amount of supply of the processing liquid to a 
substrate is optimized. Moreover, in this invention, by making a regurgitation rate adjustable, the 
pressure in each location can be fixed and homogeneity spreading of processing liquid can be performed 
more effectively. 

[0020] The coater of this invention concerning claim 6 publication is in a coater according to claim 5, 
and is equipped with the pump for processing liquid supply by which said supply means was separately 
connected to said each discharge opening, respectively. Thereby, control of the regurgitation rate in 
each location can be realized easily. 

[0021] The coater of this invention concerning claim 7 publication is a coater according to claim 6, and 
it is set up so that about 1 round of the substrate which rotates said each pump by one stroke may be 
covered and processing liquid may be supplied. Thereby, control of the regurgitation rate in each 
location can be simplified more. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is explained 
based on a drawing. Drawing 1 is the perspective view of the spreading processing equipment concerning 
1 operation gestalt of this invention. As shown in drawing 1 , the cassette station 2 is arranged at the 
end of spreading processing equipment 1, and two or more cassettes 3 which hold Wafer W can lay in 
this cassette station 2 freely. And the Maine conveyance arm 4 which performs conveyance and 
positioning of Wafer W, and the conveyance device 5 for conveying this Maine conveyance arm 4 
HEWEHA W are arranged at the transverse-plane side of the cassette 3 laid on the cassette station 2. 
Furthermore, various kinds of processors which perform predetermined processing to Wafer W are 
arranged at the both sides of the conveyance way 6 of the Maine conveyance arm 4. 
[0023] that is As opposed to the brush scrubber 7 for washing the wafer W picked out from the cassette 
3, and Wafer W The water washing equipment 8 for carrying out high-pressure jet washing, and the front 
face of Wafer W The adhesion device 9 and Wafer W which carry out hydrophobing processing The 
cooling processor 10 cooled to predetermined temperature, the resist coaters 11 and 11 which apply 
resist liquid to the front face of the rotating wafer W, the heat treatment equipment 12 which heats 
Wafer W to predetermined temperature, the aligner which exposes a predetermined pattern on the resist 
film on Wafer W (not shown), The processing equipment 20 and 20 which furthermore performs a 
development to Wafer W is arranged. 

[0024] Drawing 2 is the front view of processing equipment 20, and drawing 3 is the top view. As shown 
in drawing 2 , the spin chuck 22 constituted possible [ vertical movement by operation of a cylinder (not 
shown) ] by the drive motor 21 that it can rotate horizontally is arranged in the core of processing 
equipment 20. It consists of top faces of this spin chuck 22 so that adsorption maintenance of the wafer 
W may be carried out by vacuum adsorption etc. in the level condition. 

[0025] Moreover, the cup 25 is arranged, although it was annularly formed in it as the upper part and the 
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periphery section of a spin chuck 22 were surrounded in processing equipment 20. This cup 25 is formed 
in order to prevent scattering of rinses, such as a developer and a penetrant remover, for example, it is 
formed from resin or a metal. The inclination is prepared inside so that it may become so narrow that 
the upper part section of a cup 25 goes upwards, and opening 26 is formed in the upper limit of a cup 25. 
Moreover, the processing room 27 which processes Wafer W is formed in the interior of a cup 25. And 
even if the diameter of the above-mentioned opening 26 drops the leveled wafer W as it is, it is set as 
the magnitude of extent which can be contained in the processing room 27. 

[0026] The inclination is established in the base 28 of a cup 25, and the bottom of a base 28 is equipped 
with the effluent piping 29. And on both sides of the spin chuck 22, the exhaust pipe arrangement 30 for 
exhausting the inside of the processing room 27 of a cup 25 is formed in the opposite side of the 
effluent piping 29. The annular wall 31 of a diameter smaller than Wafer W is set up by this base 28, and 
the straightening vane 32 close to the rear face of Wafer W is formed in the upper limit of the annular 
wall 31. The periphery of a straightening vane 32 is constituted so that it may incline caudad toward an 
outside. 

[0027] Furthermore, the side of a cup 25 is equipped with the penetrant remover source of supply 35, 
and the opposite side of the penetrant remover source of supply 35 is equipped with the developer 
source of supply 36 on both sides of the spin chuck 22. 

[0028] As shown in drawing 3 , the penetrant remover supply nozzle 37 which makes penetrant 
removers, such as pure water, breathe out is connected to Wafer W through the proper supply pipe (not 
shown) at the penetrant remover source of supply 35. Moreover, the developer supply nozzle 40 which 
makes Wafer W breathe out a developer is connected to the developer source of supply 36 through the 
supply pipe 38. 

[0029] The grasping arm 41 which grasps the penetrant remover supply nozzle 37 and the developer 
supply nozzle 40 ahead of a cup 25 is formed, and the grasping arm 41 is constituted so that it can 
move free in the conveyance rail 42 top. Therefore, the penetrant remover supply nozzle 37 and the 
developer supply nozzle 40 are movable to a spin chuck 22 free to the wafer W by which adsorption 
maintenance was carried out along the direction shown by the both-way arrow head of this drawing 
through the grasping arm 41. 

[0030] Furthermore, this processing equipment 20 is equipped with the wash water injection nozzles 43 
and 43 for spouting wash water to the rear face of Wafer W at the wafer W bottom by which adsorption 
maintenance was carried out to a spin chuck 22. It is constituted by the wash water injection nozzles 43 
and 43 so that the wash water from the source 45 of wash water can be supplied through the wash 
water supply pipes 44 and 44. Moreover, each connects with the control section 46, and the drive motor 
21 mentioned above, the penetrant remover source of supply 35, the developer source of supply 36, and 
the source 45 of wash water are constituted so that predetermined actuation may be performed by the 
control section 46. 

[0031] Drawing 4 is the bottom view of the developer supply nozzle 40. As shown in drawing 4 , two or 
more developer discharge opening 40a is prepared in the base (a wafer and field which counters) of the 
developer supply nozzle 40. These developer discharge opening 40a is prepared along the elementary- 
stream top with which this developer flows a wafer top, when a developer is dropped focusing on the 
abbreviation on the wafer which rotates the rate at the time of spreading. Although such an elementary 
stream becomes what changed like elementary-stream A-D with rotation situations of the viscosity of a 
developer, or Wafer W as shown in drawing 5 for example, it chooses the thing corresponding to 
conditions from such elementary streams. 

[0032] As shown in drawing 6 , here The field corresponding to [ in the field corresponding to near the 
wafer core of the developer supply nozzle 40 ] the 2nd field R2 and near the wafer periphery of the 
developer supply nozzle 40 for the field corresponding to near a midpoint of the 1st field R1, the wafer 
core of the developer supply nozzle 40, and a periphery is mostly made into the 3rd field R3. If it 
considers as the center line S of the developer supply nozzle 40, and two or more developer discharge 
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opening 40a which can be set to each field prepares, it considers as the **** directions D1, D2, and D3 
and the plus hand of cut of the hand of cut (the direction of the clockwise rotation in drawing) of Wafer 
W is carried out S, each D1, and the include angles thetal, theta2, and theta3 of D2 and D3 to make 
become thetal =-90 degree — 45 degreetheta2=-60 degree-+10 degreetheta3=-30 degree-+60 degree. It 
becomes thetal =-60 degreetheta2=-10 degreetheta3=+30 degree more preferably. 
[0033] Thus, according to the gestalt of this operation, it becomes possible to generate the special 
stream which cancels this effectively to a dry patch by preparing developer discharge opening 40a along 
the elementary-stream top of a developer. Thereby, since the amount of supply of the developer to 
Wafer W can be optimized, the futility of a developer can be lost, preventing generating of a dry patch, 
and a developer can be applied to homogeneity. 

[0034] Next, the 2nd operation gestalt of this invention is explained. Drawing 7 is the bottom view of the 
developer supply nozzle concerning this 2nd operation gestalt Regurgitation include-angle theta[ of 
each developer discharge opening 40a of the developer supply nozzle 40 ] a is made to differ with the 
gestalt of this operation, according to the distance of the diameter direction from the core of Wafer W, 
as shown in drawing 7 . 

[0035] The field corresponding to [ in the field corresponding to near the wafer core of the developer 
supply nozzle 40 ] the 2nd field R2 and near the wafer periphery of the developer supply nozzle 40 for 
the field corresponding to near a midpoint of the 1st field R1, the wafer core of the developer supply 
nozzle 40, and a periphery is mostly made into the 3rd field R3 here. If it considers as the center line S 
of the developer supply nozzle 40 and the plus hand of cut of the hand of cut (the direction of the 
clockwise rotation in drawing) of Wafer W is carried out, the regurgitation include angle thetaal in each 
field, thetaa2, and thetaa3 will become thetaa1=60 degree-90 degreethetaa2=80 degree-150 
degreethetaa3=1 30 degree-200 degree. It becomes thetaa1=75 degreethetaa2=1 10 degreethetaa3=1 70 
degree more preferably. 

[0036] Thus, according to the gestalt of this operation, by changing regurgitation include-angle theta[ of 
each developer discharge opening 40a ] a accommodative, it is changeable in each so that marginal 
liquid membrane thickness [ in / for the substantial amount of supply of the developer in each location 
of the diameter direction / each location ] may be slightly exceeded from the core of Wafer W. The 
futility of a developer can be lost by this, preventing generating of a dry patch, and a developer can be 
applied now to homogeneity. 

[0037] Next, the 3rd operation gestalt of this invention is explained. Drawing 8 is the bottom view of the 
developer supply nozzle concerning this 3rd operation gestalt. The aperture d of each developer 
discharge opening 40a of the developer supply nozzle 40 is made to differ with the gestalt of this 
operation, according to the distance of the diameter direction from the core of Wafer W, as shown in 
drawing 8 . 

[0038] Mostly, if the field corresponding to [ in the field corresponding to near the wafer core of the 
developer supply nozzle 40 ] the 2nd field R2 and near the wafer periphery of the developer supply 
nozzle 40 for the field corresponding to near a midpoint of the 1st field R1, the wafer core of the 
developer supply nozzle 40, and a periphery is made into the 3rd field R3, here It will be set to 
d1=1/3xd3-1/4xd3d2=1/2xd3-2/3xd3 if aperture [ in-/ since development area is large / compared with 
a core / each field ] d1, d2, and d3 is based on d3 for a wafer W periphery. More preferably, if d3 is set 
to 1, it will be set to d1=0.3d2=0.6. 

[0039] Thus, according to the gestalt of this operation, by making the aperture d of each developer 
discharge opening 40a differ according to the distance of the diameter direction from the core of Wafer 
W, it is changeable in each so that marginal liquid membrane thickness [ in / for the substantial amount 
of supply of the developer in each location of the diameter direction / each location ] may be slightly 
exceeded from the core of Wafer W. The futility of a developer can be lost by this, preventing generating 
of a dry patch, and a developer can be applied now to homogeneity. 

[0040] Next, the 4th operation gestalt of this invention is explained. Drawing 9 is the bottom view of the 
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developer supply nozzle concerning this 4th operation gestalt. The distance I between each developer 
discharge opening 40a of the developer supply nozzle 40 is made to differ with the gestalt of this 
operation, according to the distance of the diameter direction from the core of Wafer W, as shown in 
drawing 9 . 

[0041] Mostly, if the field corresponding to [ in the field corresponding to near the wafer core of the 
developer supply nozzle 40 ] the 2nd field R2 and near the wafer periphery of the developer supply 
nozzle 40 for the field corresponding to near a midpoint of the 1st field R1, the wafer core of the 
developer supply nozzle 40, and a periphery is made into the 3rd field R3 ? here The distance 11, 12, and 13 
between each developer discharge opening 40a in each field will be set to 11=1/3x13-1/4x1312=1/2x13- 
2/3x13 if a wafer W periphery is based on 13, since development area is large compared with a core. 
More preferably, if 13 is set to 1, it will be set to 11=0.312=0.6. 

[0042] Thus, according to the gestalt of this operation, by making the distance I between each developer 
discharge opening 40a differ according to the distance of the diameter direction from the core of Wafer 
W, it is changeable in each so that marginal liquid membrane thickness [ in / for the substantial amount 
of supply of the developer in each location of the diameter direction / each location ] may be slightly 
exceeded from the core of Wafer W. The futility of a developer can be lost by this, preventing generating 
of a dry patch, and a developer can be applied now to homogeneity. 

[0043] Next, the 5th operation gestalt of this invention is explained. The regurgitation rate (discharge 
pressure of the developer to Wafer W) and discharge quantity of a developer are controlled by this 5th 
operation gestalt. In addition, in the following explanation, duplication explanation is omitted by ****** 
which attaches the same sign about the component which has old explanation, the function of 
abbreviation identitas, and a configuration. 

[0044] In the processing equipment 50 concerning this operation gestalt, as shown in drawing 10 , n 
developer discharge openings N1-Nn which carry out the regurgitation of the developer to Wafer W are 
formed in the developer supply nozzle 55. The developer supply nozzle 55 has the same developer 
discharge openings N1-Nn as what was shown in drawing 4 . Each developer discharge openings N1-Nn 
are connected with the developer source of supply 36 through the supply pipe 56, and the tip of a 
supply pipe 56 has the tee 57 which branched to n pieces. And this tee 57 is equipped with a total of n 
pumps P1-Pn so that it may correspond to each developer discharge openings N1-Nn. 
[0045] Furthermore, the near side of a tee 57 is equipped with the temperature sensor 60 for detecting 
the temperature of the develpper which. flows the inside of a supply pipe 56. Furthermore on the supply 
pipe 56 by the side of the developer source of supply 36, it has the thermostat module 61 which adjusts 
the temperature of this developer. And each a total of n pumps P1-Pn, the temperature sensor 60, and 
the thermostat module 61 are controlled by the control unit 46 by each. 

[0046] For example, while temperature is detected by the temperature sensor 60, when the detection 
temperature of a developer shifts from predetermined temperature, as for the developer breathed out 
from each developer discharge openings N1-Nn, this information is transmitted to a control section 46. 
And a control section 46 controls the thermostat module 61, and manages the temperature of the 
developer in a supply pipe 56 to predetermined temperature. 

[0047] Moreover, since operation of each pumps P1-Pn is also controlled by the control section 46, it 
becomes possible from each developer discharge openings N1-Nn to adjust the regurgitation rate of the 
developer breathed out on Wafer W. Therefore, the developer it is not only changeable in each, but 
adjusted to the suitable discharge pressure to each part on Wafer W so that marginal liquid membrane 
thickness [ in / for the substantial amount of supply of the developer in each location of the diameter 
direction / each location ] might be slightly exceeded from the core of Wafer W can be supplied. 
Therefore, since setting uniformly the discharge pressure of the developer supplied to Wafer W in order 
to prevent generating of a dry patch as a high discharge pressure is lost, the wafer W front face where 
the detailed pattern was exposed is not damaged with the breathed-out developer. 
[0048] In addition, if it sets up so that about 1 round of the wafer W which rotates each above- 
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mentioned pumps P1~Pn by one stroke may be covered and a developer may be supplied, control of the 
regurgitation rate in each location can be simplified more. 

[0049] Moreover, although it was the thing of Wafer W which is mostly equivalent to a diameter about 
the substantial die length of a developer supply nozzle with the above-mentioned operation gestalt, it is 
good also considering the substantial die length of a developer supply nozzle as a thing of Wafer W 
which is mostly equivalent to a radius. In this case, it becomes possible to continue all over Wafer W and 
to supply a developer by rotating Wafer W one time. 

[0050] Furthermore, although the above-mentioned operation gestalt gave and explained the example 
which used Wafer W to the substrate, this invention is not limited to the starting example, but can be 
applied also about the example which uses a LCD substrate. Moreover, this invention is applicable even 
if it is other processing liquid, such as not only a developer but resist liquid. 
[0051] 

[Effect of the Invention] As explained above, according to this invention according to claim 1, the nozzle 
for applying processing liquid on a substrate Since it constituted so that it might have two or more 
discharge openings prepared along the elementary-stream top with which this processing liquid flows a 
substrate top when processing liquid was dropped focusing on the abbreviation on the substrate which 
rotates the rate at the time of spreading The amount of supply of the processing liquid to a substrate 
can be optimized, the futility of processing liquid can be lost, preventing generating of a dry patch, and 
processing liquid can be applied to homogeneity. 

[0052] Since according to invention according to claim 2 the regurgitation include angle of each 
discharge opening was constituted so that it might differ according to the distance of the diameter 
direction from the core of a substrate, it can change in each so that marginal liquid membrane thickness 
[ in / for the substantial amount of supply of the processing liquid in each location of the diameter 
direction / each location ] may be slightly exceeded from the core of a substrate, and the amount of 
supply of the processing liquid to a substrate can be optimized. 

[0053] Since according to invention according to claim 3 the aperture of each discharge opening was 
constituted so that it might differ according to the distance of the diameter direction from the core of a 
substrate, it can change in each so that marginal liquid membrane thickness [ in. / for the substantial 
amount of supply of the processing liquid in each location of the diameter direction / each location ] 
may be slightly exceeded from the core of a substrate, and the amount of supply of the processing liquid 

to a substrate can be optimized. _ ...„::..:..:.., . . ~, ;■ J , . 

[0054] Since according to invention according to claim 4 the distance between each discharge opening 
was constituted so that it might differ according to the distance of the diameter direction from the core 
of a substrate, it can change in each so that marginal liquid membrane thickness [ in / for the 
substantial amount of supply of the processing liquid in each location of the diameter direction / each 
location ] may be slightly exceeded from the core of a substrate, and the amount of supply of the 
processing liquid to a substrate can be optimized. 

[0055] Since according to invention according to claim 5 the regurgitation rate of the processing liquid 
breathed out from each discharge opening was constituted so that it might differ according to the 
distance of the diameter direction from the core of a substrate While it comes and comes out to be able 
to change in each so that marginal liquid membrane thickness [ in / for the substantial amount of supply 
of the processing liquid in each location of the diameter direction / each location ] may be slightly 
exceeded from the core of a substrate, and to optimize the amount of supply of the processing liquid to 
a substrate By making a regurgitation rate adjustable, the pressure in each location can be fixed and 
homogeneity spreading of processing liquid can be performed more effectively. 

[0056] Since according to invention according to claim 6 it constituted so that it might have the pump 
for processing liquid supply by which the supply means was separately connected to each discharge 
opening, respectively, control of the regurgitation rate in each location can be realized easily. 
[0057] Since according to invention according to claim 7 it set up so that processing liquid might be 
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supplied over about 1 round of the substrate which rotates each pump by one stroke, the regurgitation 
rate in* each location can be controlled more easily. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of the spreading processing equipment concerning 1 operation 
gestalt of this invention. 

[Drawing 2] It is the front view of the processing equipment in the spreading processing equipment 
shown in drawing 1 . 

[Drawing 3] It is the top view of the processing equipment shown in drawing 2 . 

[Drawing 4] It is the bottom view of the developer supply nozzle in the processing equipment shown in 
drawing 2 drawing 3 . 

[Drawing 5] It is drawing showing the example of the elementary stream of the processing liquid 
concerning this invention. 

[Drawing 6] It is the bottom view showing the developer discharge opening in the developer supply 
nozzle shown in drawing 4 in a detail. 

[Drawing 7] It is the bottom view showing the developer discharge opening in the developer supply 
nozzle concerning the 2nd operation gestalt in a detail. 

[Drawing 8] It is the bottom view showing the developer discharge opening in the developer supply 
nozzle concerning the 3rd operation gestalt in a detail. ......... L >..-.,■! w. 

[Drawing 9] It is the bottom view showing the developer discharge opening in the developer supply 
nozzle concerning the 4th operation gestalt in a detail. 

[Drawing 10] It is the front view of the processing equipment in the spreading processing equipment 

concerning the 5th operation gestalt. 

[Description of Notations] 

1 Spreading Processing Equipment 

20 Processing Equipment 

21 Drive Motor 

22 Spin Chuck 

36 Developer Source of Supply 
40 Developer Supply Nozzle 
40a Developer discharge opening 
W Wafer 
P1-Pn Pump 



[Translation done.] 
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